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THE  effect  OF  longitudinal  and  transverse  losses  ON  the  TRANSIENT 
RESPONSE  OF  COAXIAL  CABLE 

G.  Hein,  RDt  and  J.  Plontke,  Karl-Marx-Stadt 
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tha  Section  of  Automation  Technology  of  the  College  of 
Technology  of  Karl-Marx-Stadt 


Descriptors:  Theory  of  information  transmission  and  oscillation 
technology;  signal  transmission;  transmission  loss;  transit  time; 
signal  deformation;  rise  time;  transmission  function;  step  response, 
coaxial  cable. 
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edges  during  the  transmission  of  digital  signals.  These  losses  are 
dependent  on  frequency  and  increase  with  increasing  frequency. 

For  studying  the  effect  of  losses  on  the  shape  of  tne  curve  of 
digital  signals  the  transient  response  of  the  voltage  at  the  end  of 
the  coaxial  cable  in  the  interval  nSiS-i//  is  to  be  calculated 
taking  into  account  the  longitudinal  and  transverse  losses. 

1.  THEORETICAL  FOUNDATIONS 

1.1.  FUNDAMENTAL  RELATIONSHIPS  of  TRANSMISSION  LINE  THEORY  Let 

the  coaxial  cable  have  the  characteristic  values  //.//, ir,n  and  the 
connecting  element  between  a voltage  source  E( j»>  with  the  resistance 
R,  and  a terminating  resistance  R?  in  accordance  with  Fig.  2.  With 
the  simplification  R,  = 0 and  R*  = #0  the  following  relationship 
results  for  the  voltage  at  the  end  of  the  cable 

(1)  r <'•?)=  2 

which  is  valid  in  the  interval  (//  transit  time,  V 

propagation  constant  of  the  cable) . 

(2)  >i  ^ \L  <:  i 
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Since  the  shape  of  the  cm»e  of  the  voltage  is  determined  by  the 
high-frequency  transient  response  of  the  line,  there  results  through 
the  use  of  series  development 


(4) 


l , 
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for  if  the  high-frequency  approximation 


(5) 


l<  \W  (l 
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In  the  case  of  step-form  input  energization 


(6)  r (I)  ...  K ■ I (/)  •£</•» 


for  the  relationship 


(7) 


/ m • r 


'I  | !' 
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the  time  function  u(  ,t)  is  to  be  determined.  The  exponential 
expression  ^ ,,>  does  not  affect  the  shape  of  the  cur*e,  but 
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Pig-  1.  Block  iiagra*  of  a signal  transaission  link.  ((KEY:  1) 

Tcansaittec,  e.  g. , process  computer;  2)  Line;  3)  Receiver,  e.g., 
aachine  tool.)) 
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pig.  2.  Line  as  \ connecting  eleaent  between  voltage  sources  and  the 
teraiaal  resistance.  ((KEY;  1)  Coaxial  cable.)) 
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represents  the  shift  operator  which  indicates  that  the  signal  applied 

to  the  input  at  tine  t = 0 will  be  at  the  end  of  the  line  after 

✓ 

transit  tine  n « The  losses  are  represented  in  Eq.  (7)  by  2 
(longitudinal  losses)  and  G*  (transverse  losses).  Therefore  the 
frequency  dependence  of  these  values  is  to  be  given  next. 

1.2.  FREQUENCY  DEPENDENCE  OF  THE  LONGITUDINAL  RESISTANCE  Z [1]  [2] 

AS  a result  of  the  skin  effect  a complex  longitudinal  resistance 
appears  in  the  case  of  a high-frequency  current  flow  in  the  line.  The 
complex  longitudinal  resistance  Z'  of  the  coaxial  cable  is  composed 
of  the  complex  resistances  of  the  inner  and  outer  conductors.  For  a 
coaxial  cable  with  flexible  conductors  as  in  Fig-  3 after  the 
introduction  of  the  complex  variable  p = jw  the  longitudinally 
related  total  resistance  at  high  frequencies  results  to: 


I,  and  i„  are  the  copper  factors  of  the  inner  and  outer 
conductors.  In  the  case  of  a conductor  of  solid  material  the 
appropriate  space  factor  assumes  the  value  1.  Both  the  real  and 
imaginary  parts  of  the  total  resistance  V 

with  7m xu. 


increase  proportionally 
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fig,  3,  cross  section  of  a coaxial  cable  with  a flexible  inner  a“d 


outer  conductor. 
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1.3.  frequency  dependence  of  transverse  conductance  g* 


The  transverse  conductance  G*  describes  the  losses  of  the 
dielectric.  In  this  case  according  to  [3]  2 sources  ot  losses  occur; 
losses  through  ohmic  conductivity  of  the  dielectric  and  losses 
through  polarization  of  the  molecules  of  the  dielectric.  Losses  due 
to  the  ohmic  conductivity  of  the  dielectric  are  to  be  disregarded 
since  the  cables  suited  for  pulse  transmission  contain  polyethylene 
dielectric  with  a conductivity  * i"  ' 

In  the  treatient  of  insulating  material  two  groups  are 
differentiated:  polar  and  nonpolar  insulating  materials.  Tn  the  case 
of  the  nonpolar  insulating  materials  which  include  polyethylene, 
styroflex  and  teflon  the  points  of  concentration  of  positive  and 
negative  charges  coincide-  The  "shift  polar iz ation"  which  occurs 
during  the  application  of  an  electrical  field  takes  place  almost 
without  inertia  in  the  entire  frequency  range. 

A measure  for  the  losses  is  represented  by  the  loss  factor  tan 

6; 

a I.,. 


(9) 
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The  frequency  behavior  of  tan  6 depends  not  on  the  mterial 
itself,  but  on  the  manufacturing  process  so  that  a genaral  statement 
is  not  possible.  In  [4]  and  [5]  a constant  tan  6 was  assumed  for  the 
calculation.  The  transmission  of  ever  higher  frequencies  requires 
that  the  tan  6 be  as  small  as  possible  at  high  frequencies.  since  the 
loss  factor  does  not  become  zero  even  at  low  frequencies  a constant 
tan  6 will  be  assumed  for  the  following  observations.  The  data  given 
in  [6]  and  [7]  also  correspond  to  this.  Thus  g*  bec0:aes 

( ^ 0)  i;  m wi  i ,,|  ,) 


It  is  to  be  ierived  from  Eq.  (10)  that  the  transverse 
conductivity  value  G*  referred  to  length  increases  in  proportion  with 
the  frequency,  i.e.,  that  the  transverse  losses  increase  in 
proportion  with  the  frequency.  For  most  information  transmission 
cables  it  is  Valid  that  in  the  range  from  1 GHz  to  10  GHz  the  losses 
through  Z becoae  equal  to  the  losses  through  g*  . At  frequencies 
over  10  GHz  the  transverse  losses  are  predominant  and  under  1 GHz, 
the  longitudinal  losses. 

2.  TRANSIENT  RESPONSE  OF  COAXIAL  CABLE  TAKING  INTO  ACCOUNT  THE 
LONGITUDINAL  AND  TRANSVERSE  LOSSES 


By  substitution  of  Eq.  (B)  and  (10)  in  Eq.  (7)  there  results 
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without  consideration  of  the  shift  operator,  the  teiat i ons hi p to  be 
retransformed 


(11)  M-  "|  //  rxpl  tt*  / I //)  • r\p  (uA  l ftt) 

which  is  valid  in  the  interval  / :i,,  - Then 


(12) 


(13) 


■"r  1 > 
x/-  < , \ fj 


(14) 


'<]  = , Mil  .)  j /,  / 


An  investigation  is  to  be  made  of  how  the  losses  through  G« 
affect  the  shape  of  the  curve  of  the  output  voltage  and  whether  it  is 
possible  to  advocate  disregarding  the  effect  of  the  transverse 
losse  s. 


Eq.  (11)  is  composed  of  the  input  signal  and  the  product  of 
three  transmission  factors.  The  transient  response  can  thus  be 
described  by  a signal  flow  diagram  as  in  Fig.  4.  jn  this  case  the 
frequency-independent  attenuation  2 exp  (-a,?)  effects  no  signal 
formation  but  only  an  amplitude  change.  The  deformation  of  the  input 
signal  is  caused  by  the  2nd  and  3rd  transfer  elements. 
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Fig.  4.  signal  flaw  diagram  for  calculating  the  transient  response. 
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The  transf oriation  of  Eq.  (11)  into  the  tine  range  is  not 
completely  possible  using  correspondences-  An  easily  un 1 at st an dable 
method  for  obtaining  u(7,t)  consists  of  separately  determining  the 
output  signal  for  both  cases  a3  = 0 and  at  = a2  = 0;  finally  one 
obtains  u(/rt)  by  using  Duhamel«s  inte9ral.  The  case  ij  = 0 indicates 
a disregarding  of  the  transverse  losses  ^nd  the  case  = a2  = 0 
indicates  a disregarding  of  the  longitudinal  losses. 


2.1.  DISREGARDING  THE  TRANSVERSE  LOSSES 

The  disregarding  of  the  transverse  losses  means  that  the 
dielectric  is  considered  loss-free  so  that  tan  6=0.  The 
retransformation  of  Eg-  (11)  with  a3  = 0 is  possible  through  the  use 
of  correspondences  from  [8].  Thus  the  appropriate  time  functions 
result  to 


(15) 


*/.!■  (/,  I) 


2 K ■ nip  (—  a,  /) 


ert(z)  represents  the  Gaussian  distribution  with  the  ch iracter istics 
erf  (0)  = 0 and  lira (»)  ■»  l rfif.  Fig-  5 shows  the  qualitative  development 
of  Eq.  (15)  with  the  parameter  of  line  length. 
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2.2.  DISREGARDING  THE  LONGITUDINAL  LOSSES 

Disregarding  of  the  longitudinal  losses  assumes  in  infinitely 
great  conductivity  of  the  inner  and  outer  conductors.  Thus  at  and  a2 
become  zero.  It  is  not  possible  to  retransf or m Eq-  (11)  with  a,  = a2 
= 0 using  the  correspondences  in  [ « ]-  According  to  [ * ] using  the 
Fourier  transformation  the  time  function  belonging  to  Eq.  (11), 
taking  into  account  the  equal  share,  results  to 

(16)  ■Qrff.l)  + -‘-  arcton  ' \ 

Fig.  6 shows  the  qualitative  course  wqr(l.i).  Eg.  (16)  cannot  be 
technically  checkal  since  both  types  of  losses  appear  simultaneously, 
one  can,  however,  qualitatively  prove  the  correctness  of  Eq-  (16) 
through  deliberation.  At  time  t = r/  the  output  signal  jumps  to  the 
value  E and  then  according  to  an  arctan  function  it  approaches  the 
value  2 E.  If  the  longitudinal  losses  are  disregarded  then  the 
longitudinal  resistance  * becomes  zero  and  the  conductance  G*  lies 
parallel  to  C*.  Since  the  calculations  refer  to  an  energy-free  line 
all  capacitors  G*dx  are  uncharged  before  switching  on.  An  uncharged 
capacitor  represents  a short  circuit  at  the  moment  of  switching  on. 
Since  the  conductance  G*  can  maximumly  become  infinite  while  C'dx  at 
the  moment  of  switching  on  represents  a resistance  of  0,  at  this 
point  in  time  thare  is  no  deterioration  of  the  cable  properties 
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Pig.  6.  Qualitative  course  of  the  output  voltage  of  the  coaxial  cable 
taking  into  account  the  transverse  losses  and  disregarding  the 
longitudinal  losses. 
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through  G',  i.  e.  , at  the  moment  of  switching  on  the  line  with 
transverse  losses  behaves  like  a loss-free  line.  Since  the  voltage 
jumps  at  the  beginning  of  the  line  there  is  also  a jump  at  the  end  of 
the  line  after  transit  time  . Following  this  jump  the  transverse 

losses  take  effect  and  cause  deformation  of  the  signal  rise. 

2.3.  CONSIDERATION  OF  THE  LONGITUDINAL  AND  TRANSVERSE  LOSSES 

The  calculation  of  the  output  signal  u(?#t)  taking  into  account 
the  longitudinal  and  transverse  losses  is  accomplished  using 
Duhamel's  integral  theorem.  It  is  used  if  the  input  value  has  a 
complicated  temporal  development  and  it  one  knows  the  output  value 
for  the  special  case  that  the  input  value  is  equal  to  the  step 
f unct ion. 

The  point  of  departure  for  the  considerations  is  Fig.  4.  At  the 
input  a step  function  of  height  E is  in  effect.  Following  the  2nd 
transfer  element  the  time  function  has  a development  in  accordance 
with  Eq.  (15).  For  the  3rd  transfer  element  the  output  value  is  known 
if  a step  function  is  in  effect  at  the  input.  In  the  present  case, 
however,  the  output  voltage  of  the  2nd  transfer  element  functions  as 
the  input  voltage  for  the  3rd  so  that  the  output  voltaga  of  the  3rd 
transfer  element  can  be  calculated  using  Duhamel's  integral  theorem. 
The  same  result  follows  with  the  transposition  of  the  transfer 
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eleaents  in  Fig.  4. 


The  calculation  of  the  output  voltage  follows  with  the 
relat ionship 


(17) 


« (/.  i) 


«</r  (I.H)ui.v(t.t) 


t 

' / *ll  0.  »)• 


d*4)v  <1,  t — 
At 


The  calculation  takes  a siaple  fora  if  the  integral  in  Eg.  (17) 
is  transfornei  into  a summation  represent  at  ion . The  integration 
variable  r is  separated  into  subintervals  At.  The  calculation  of  the 
integral  takes  place  with  the  trapezoidal  rule  using  the 
relationships 

08)  . — •* 

and 

09)  *-•  a, 


Thus 
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««i  (I.  O)- »tr  (I,  * At)  f z 

m — 0 


(20) 


2 E 

&*qv  il,n  At  — At)  , 
d<*^,)  Al 

1 ..  . . dvgHLO)  , 

-T*ir«.»J»)-  d{n/l>)  At 


The  attainable  accuracy  depends  on  the  length  of  the  subinterval 


Ar. 


2.4.  OUTPUT  SIGNAL  OF  THE  CABLE  50-2-1 

Using  cable  50-2-1  of  the  VEB  Cable  Works,  Vacha,  an  analytical 
study  was  made  of  the  effect  of  longitudinal  and  transverse  losses  on 
tr ansnittance  with  line  lengths  of  l = 1 m and  l = 10  m.  Fig.  7 shows 
the  calculated  cucves  taking  both  losses  into  account.  The 
subintervals  were  chosen  at  Ar  = 1 ps  for  l = 10m  and  A r = 10  ps  for 
The  calculations  took  place  up  to  1 % of  the  transit  ti®e, 
i.  e. , up  to  o.oi  rj.  It  can  be  derived  from  Fig.  7 that  the  curves 
taking  into  account  the  longitudinal  and  transverse  losses  initially 
show  less  rise  than  the  curves  in  which  only  the  longitulinal  losses 
were  taken  into  account.  With  increasing  time  t the  curves  according 
to  Eg.  (20)  approach  those  of  Eq.  (15)  since  the  transverse  losses 
have  no  effect  on  the  stationary  final  value. 

2.5  CONCLUSIONS 


Using  the  calculated  curves  several  conclusions  can  be  drawn  for 
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Fig.  7. 
50-2-1. 


Calculated  courses  of  the 
((KEY:  1)  paraneter:  line 


output  voltage  for  the  cable 
length;  2)  Disregarding  of 


transverse  losses; 


3)  taking  into  account 


longitudinal  and  transverse 


losses. 
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the  handling  of  transverse  losses: 

1-  Tt\e  effect  of  transverse  losses  is  always  present. 

2.  The  strenqth  of  the  effect  depends  on  the  dielectric  used  and 
the  geometry  of  the  cable. 

3.  for  testiag  it  is  not  possible  to  separate  the  longitudinal 
and  transverse  losses  as  can  be  done  in  the  computational  treatment. 

4-  The  transverse  losses  affect  the  course  of  the  ourve  only 
near  the  source. 

5.  With  oscillographs  available  at  the  present  time  it  is  not 
possible  to  physically  check  the  calculated  values. 

6.  T**e  calculations  we^e  made  for  an  ideal  jump-  Bith  the 
appearance  of  avan  the  smallest  rise  times  (<  1 ns)  the  effect  of  the 
transverse  losses  is  decreased  due  to  the  changed  frequency 
composition  of  the  controlled  signal-  Since  with  the  control  of  the 
line  by  integrated  circuits  rise  tines  of  less  than  1 ns  cannot  be 
expected  in  the  near  future,  the  contribution  of  transverse  losses  to 
signal  deformation  is  to  be  disregarded. 
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*J.  Since  the  transverse  losses  affect  the  course  of  the  curve  only 
neat  the  sour;j,  it  is  immaterial  which  approximation  is  used  for  tan 

6 (*)  - 


3.  SUflUARY 


The  output  signal  of  a coaxial  cable  is  calculated  approximately 
on  the  basis  of  transmission  line  theory  and  talcing  into  account  the 
longitudinal  resistance  ? and  the  conductance  G*  during  the  effect 
of  a step  function.  The  calculation  takes  place  separately  for 
longitudinal  and  transversp  losses  with  the  final  use  of  Duhamel's 
integral  theorem  for  taking  both  losses  into  account.  Th»  evaluation 
of  Duhamel's  integral  is  accomplished  through  a summation 
representation.  The  calculated  courses  of  curves  are  given  for  the 
cable  50-2-1.  Submitted  20  Sep  1^73 
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Sc  In*  ingungMcchnik;  Signal  iiIm-i  I r.ignng ; CIm  rt  iiigujig»ver- 
ItiNt ; iawf/.eil  ; Signal vcrfnijiiiuip;  Klankenanst  iogs/.»  it  ; 
Chert  lagujigdunkl  ion;  Sprungant wort  ; koa.Mnlkahcl 


1>m  t ■loktri.MJie  L**itimg  i>t  Bestandtcil  einer  Signalubcrtra- 
pungSNtrccke,  )>  a us  Sender,  Leitung  und  Knipfanger 

(Bilcl  I).  B-i  jeder  realm  Lcjtung  t retell  Vcilwste  aid,  die 
bej  der  Chert ragung  digitaler  Signulo  cine  Verfoi  lining  der 
IinpoKflanken  verursaehcn.  J)ie  Wiluste  sind  frequenzab- 
hitngig  und  m l) men  mit  xvnch.ander  Kreqmnz  zu. 

Zwr  CnfcrMichting  d*s  Kin  Busses  der  Verluste  auf  die  Kur- 
venform  diiritaler  Signalo  soil  der  /•  itverlauf  dor  Spannung 
nu  E n<lr  des  Kfntxiatkabel*  im  interval!  //  *5  / 5^  *1  //  l»ei 
Kcriicksirlitigung  der  Langs-  und  Querverluste  berechtnt 
uerden. 


1.  Theorelisrlie  Grundlagrn 

1.1.  Ltitungxtheorttijsc.hf  (lrumlbtzichunye$i 
Das  Koaxialkabel  soil  die  K'*nngroB*Mi  //.  //,  (<\  <*'  Imheii 
und  das  Yerbindungsclcinent  zwischen  einer  Spannungs- 
quelle  E{ p)  mit  dein  Widerstand  7»‘,  und  einem  Ah-ehluO- 
uideivtmul  It.,  g nuifi  Bild  2 darstellen.  Mit  den  Vcrein- 
fathung  *u  /•’,  0.  /.'2  o ergibt  skh  fiir  die  Spannung  am 

Ktido  <le*«  KaheK'  die  Beziehung 

T(/.  ),)  i;  • e\p  { - yl)  (]) 


die  ini  iuteivall  //  < t ^ 3 n gilt  (/ / Diulzeit,  y Fortptlan- 
zuugskon*tante  des  Knliels). 

>i-\L<:i  <->) 


(’  =!(?'-(  /-//>('•"  + J >0)  (3) 

l>.i  (Id-  Kui'xi-iiform  «l<-r  Spniiuiflig  (lurch  das  hochfrcipu-iitc 
(%fHrtr«giing^\ fihaltin  drr  l.i'itung  lx-stinnnt  wird,  orgilit 
>i.  h ilurrli  Anwondiing  dor  RcihriuntTvicklung 

| I *=!  •!•  ’ ~ V **  + • • • <•*> 

fur  y die  liocli  frequent*?  Xuhening 


fM-;  i 

-t  i 

‘ ^ l mpfpnger 

| 1 jl’rc.ire&.'ieri  f *" 

i eitunq 

3 *e>'k/tug- 

L I 



maschmt) 

fliM  I.  IJJ***  k->  JmJI  • »m»  r 5iiriia)iilw-f>rii,.‘iih|!»iri 


nap>m 

A •< 

y[:p)  yic.p) 


A 

Koox'olko&el 

mil 

i'a',c;c 


Itl.p) 

<j(L,p) 


j fO 


II.M  1 I.-  iiuii.*  til-  \vilMiiilun.'-  l<  nH*nf  a«i»i  lii'ii  r.fMfuiiiti*/»<|«i  ff«*  un« I 
A’»-*  l.ltiuw  i«l«  r-t.iii'l 


J»  *i  sju  ungfVinuigt  r Kiiig.uigM  rn  ui- . 

•Ally)  1 

r 

ist  d.unit  fur  die  JL  /ielmug 

r {I*  1 •)  - 2E-  — -exp  (—;»//)  * \p 

P 


die  / itfunktion  «(/, /)  zu  h stjinne  n.  D.  r i \ |»*.,ie»il  jeHi  .\u>- 
drmk  • xpf  — pif)  beeinthdJt  nii  iit  die  K *irv ■••iiImi,iu.  • »ii - 
(leru  t * * ( f 1 din  \ « rs(  liieheoperat  < »r  d.«r.  <l«-i  .iiiL.ht,  dab  d<>- 
/UI-  Zeit  / o ailf  den  Einiratig  gep«  hene  S._'Ual  lia>  li  dvr 
Liufz*il  //am  Ende  der  Ia-'h  ung  w irk'.mt  uini.  Die  \’»  »h>«.iv 
werden  in  (d.  (7)  dureli  Z (LiinirsverliS'ic)  und  f ■ Du«*r\er- 
fuste)  «Liig.-^U*fff . Desha/h  z»fna'eh-f  di«  I'n  ‘pe  /i/ah)n*n- 
gipkeit  dieser  GroBen  an/ugela  n. 


l.'l.  Frequf. iizabhu h qiyU  it  il*  * !.•< //•#(/#  r.+f'iml*  * iH  i-’i 
J birch  <la?.  Milken  des  Skiiief)ekt«  triit  l»»-i  ••in*,m  ho«hfre- 
cpienteii  Strom tlu  15  im  J^eiter  ein  k«»m]»l«  \<  r Linp-uider- 
staml  auf.  D.c  kompleve  J-anj- u idei-t.ind  '/.  de-  Koaxial- 
kabels setzt  sicll  a us  delikotliplv.veli  M idelHt.iuden  Killjllllrll- 
uud  AuB*  rdciter  zu-ammen.  l*iir  i in  Ki»a  xi.ilkahi  I mil  fb  \i- 
hleiiD'itern  naeh  Jhldi*  erpiht  -deli  naeli  Kmliilit unp  der  kom- 
pleVeii  Variablei!  p ]•>>  dor  Lui^-  iihe/.o^.-m*  (•'*•*'.» ml  w i«lei- 
stand  bei  liolien  Vre«piei»/.ei»: 


Vs 


llitd  3.  fp:«T*  l.iull  /t«u  - )•  • in  K - 
aM*lk»WI  nut  lU  xiMnu  line  h- 
ii  in  I AiiiVnlciirr 


/,  Iind  /a  Niml  die  Kujilertiilltaktoreli  \«*n  lun.  n und  \ul)i  u- 
leiter.  Bei  einem  Leiter  aus  Yollmaterial  niiunit  dvr  /upe 
Inirige  Fiillfaktor  den  NYert  1 an.  Sowohl  It-  J ;iK  amb 
Imaginarteil  des  < Jesamtw ider<tands  /.  neir.mn  juopoiiio- 
Jiiil  mit  yio  zu. 

1.3.  Fi  tquaiznbh  hnjiijL'  it  do  </*e  >(>•  • ,itx  • . 

Dureh  dell  Queried wvrt  W xu -rden  die  Yerlu-t.  do  l>i»*lek- 
trikuuis  bvsehrieben.  Dabei  ireten  mu  li  i A l 2 Vei  l i-i«pi<  U,  n 
auf:  VerbiRtv  dureli  die  obniselie  L ’ll  ialiijkeit  (is  Delek 
Irikums  und  Verluste  dureli  die  I'olnn*. it i(*n  der  Afolekule 
des  Dielekti ikums.  Die  Vvilusle  ant  t«rund  dvr  ohmseheii 
Leitfiiliigkeit  des  Dielektnkum-* pollen  > vi n.o  Ida-'igi  idrii. 
da  die  /.ur  Impulsiib  rtragunu  pt  eipnet  . n Kalu  I I'ofy.n  iiyleu- 
Dielektiikum  mit  einer  Lcit labipkeit  /.  - v 1°  (ilia)  1 ent- 
b.ilten. 

J5.*i  der  .Meliaiullung  tier  l»<dieM«i|b  • i « l«  n J t lupp-u 
untersebiedeu:  jHilaie  und  niefit pofare  t^.*.ri«  i led.  J;  i i(»  n 


H2 


Nnvtiii1  hn*m»  • ;auk  t ••  ku  mi 


J • • ' • A ||  J 


I 


i i,  I .il.yl,  n.  Stymtlo\  miilT.  ll.in  go- 

: Ji,  n tin  S<  Ituoipunhlo  ilrr  pusilivon  und  dor  nogu- 
t i i.  I.idungoii  .iiMimm  ii.  l)n‘  b.iiu  A » i l«**ri  n duos  olok- 
, .l„  n | , I.l.  - .111(11.  |,  ||||,'  . . \"i *i"s, ■Jii.'l.ii ngspulu ri'.ji ( ii  111" 

. , 1,,1  1 |,i»|  1 , .i.-li  i .l.o  mi  gosainlon  l’roipionzhoroioh. 

I!  11  \l  ,il  tin  ,|i.  \ iii'  --I  III  ii.  r Wrlii-I f.iktur  t in  '1  il.ir: 


- ^ 


l,<  Ij'lj 


1 1 , I , ■ ij..,  1 , ' \ • 1 ii  »h«  1 1 *!«•*  1.1 11  bivitgl  ni»  bt  mir  \ < •»  1 » M.tlr- 

till  -illi'l  lilt;  .nil  fill  llfM  rilling!- plO/.t  IJ  ill*.  *n  d.ili 

, nt.  •,  ii<  \i-  *;«•  d md»  r nirht  n»* tt  li  M.  in  1 4 J 

III), | j:»)  w hi *1*  till  Ii  I ,m  Inning  fin  Iconstanter  t.m  A zu- 

fi  ,11. 1 ■ j I _'t  !><•  ( U ri  r.'gung  imuifr  lidheivr  !*Ye<{uenz<  n 
.if.ud'tt  l»  I •!.  ii  I 1 • 'fin  ii/f  11  f n»<  n ludgluhst  geringfli 

t in -V  D,d»»  \ » 1ml  l.tktor  aiieh  bri  tiefrn  Vreijiirnzeii  m«  lit 
/u  n H 1 11  r >\  . ! .lg  ndrii  Jt  *ti*<  htungrn  fin  koii'tnu- 

t . • t hi  1 . n»',i  in*  n \vt  nlon.  Pern  c*»it**jm%rhefi  nm  li  dir 
Vuj.if*  n hi  «•*  im-l  7 I Kimit  >\ird  H‘  zu 

t.  < • hi  1 (l**) 

i.l  ( |«i'  1-1  /ii  < nt n«  liin«  n.  «1  ili  «l«-r  liinifiib'  zogene  C/uer- 
|.  iiwi  it  1.  ioi.al  in. t <l.  i Firqueii/.  \»iirh>t,  d.h.,  dull 

, if ..  1 v . 1 In- ' j»mjM»rt  iou.tl  mil  drr  Fr<  quenz  « .n  )is«*n.  Km* 

• It*  in  t-t  n K .»»*.  1 /nr  liiforin.it  ioindilM- rtrajriing  gilt.  dull  ini 

|»  r,  |i  \ • > 1 • | i.ll/  ?»  - |im  ; If/.  <lii-  Vr  1 1'l^fr  dtmli  X*  gleirb 

• 1 n \Y< In  1 »•  dm*  I*  *»'  mid  is  U.  i F»v*|iifii/.«  11  fiber  1<H  ill/. 
uIm  i w I'  /.  n *li*  t*u* ■I'm  i'll  • . In  i rr.Mjiifii/i'ii  niilfi  I till/, 
'll*  l-»»'V^\  • » In  '• 

t rh.ilfrii  <1***.  k«i.i\ialkal»el-  bri  Hrriirk-irh- 

,|rt  I .* og ■»-  iiml  On*  r w rinkle 

1 1 1 1 1 ■ Ii  I • , ^4 1 /.  I.  1 I idn.(M  II  n*  1 < M»)  in  til. (7)  ngibt  si«b 

, 1I1 1 }>  j;  |n  mi*/  *1  \ < !•-*  !»:•  1*  op  i.itors  ids  rii«  V/.ut  riiis|*n  - 

1,1 1*  1 ii»1  I*  /i«  litnii! 

I / /*i  2 1.  * >p<  <*,/)  . \|W  | /<)  < \p  (<f,/ 7/,) 

<»») 

• Im*  ifi*  inf«  rv-»M  -/  / it  / / gilt  T)a no  1 >ed*  11 1 i ll 

...  ff;"  | y "2> 


I ( l I 

4 ' r.\f, 


K-  it-,  /ii  uutor-u,  lion,  ivio  -1,  h ilu*  Vorlu.fo  durch  0‘  uul  /lio 
Kunoiif'irrn  <1  •'  Au-g  my-1  jwnntinjf  utiswirkon  und  ob  os 
v.itrittwi  i-t.  iloit  Kit.lluB  <Ior  Quorvorluslo  /.u  vorinioh- 
lil— ilfoll. 

(.1.  M 1 1 M itt  >-ii  !i  in-  .!•  tit  Kmg«ngssign.il  und  »us  dom  Vro- 
/hiki  >•>/)  A t'borjr.igiing-lu'ktor.-n  xuwntmon.  Bus  t'bor- 
li  .gungni  rluiltoti  k.inti  ili  iiinaob  durch  cin  SignalHnBbtld 
,i.u  |,  K||,|  4 bosobriobon  wordon.  Daboi  b<  « irkt  die  froquonz- 
iin.d.lisngigo  K.ioipfiing  2 oxp  ( ii,  I)  homo  Signalformung, 
-..nib  rn  mir  oiuo  Anipl it udonSndorung.  Ilu-  Vorfarmang  din 
King' ni.'" utu.il-  M ild  dun  b dus  2.  und  3.  Cbcrtrngungsgliod 
li*'tt  iikt . 

I,,,.  Tran -fnnnatn in  mil  (11.(11)  in  don  Zoilboroii  h ist  mit 
llilt.  \,>n  Korros|»>ndoii7on  niobt  g.'M hlossoii  nuiglioh.  Kino 
,i!m  r-ii  b'liobo  Moiliml*  /.ur  (l.  » innurig  dm  «(/.<)  boxtoht 
•I sriii.  dus  ^u-gings-ignu)  fur  dio  boidon  Kiillc  n,  n und 


I ! 


! j r >>l)T 

j 1 - 


,.,u  im 


IliUI  S.  t.Muilir.iliN' r V*  rt  "»t  r >' 

l;.  rti<  l.'C  litimma  «t*  r l..inu>\i ■ 1 1 »>■*!•«  IIII«I  V«-lni»'  *t'T  t)u«  r\v 

tii'S'-  lint  •If'tn  1*:»  Til  lifter  l.«  itinil!>«laiipr 


| \ ••  |,,M  ' ' I • f • !.*". fHT  4f*  0*Ttr.Vni*2»veff»»|fr|»» 


Itilil  <>.  <pi.»lil.»ln«  r \ • rl.xtl  •!«  r 't'  " tM'.i'iiilln'ilrl*  l"'i 

r.  im  I, si.  IiIIl’imiu  it*  i <»u.-r\.  t»n«t(  Hint  \ • ru  n ••l.i--t.nnv;  .!*-•  I 

,i(  n 2 u Mff  i*«*  ii  tit  /n  licstimmrti;  ,i  n><  liliiliiinl  ciiiiilt 
mill  u (I.l)  'limit  Aiiwf lulling  il<*s  Duhjumlsrlif n Jntfffr.il- 
I)i  r FnllMj  <»  I*  'Irirfi-t  V<  rna<  lil.i>siuniig  ib  r Qtiri- 
\fihijitf,  «l«*r  Fall  *r,  <i2  Vrrn.ti  liliUsigiinif  /!<•»•  3..inff'- 

\ rrlllMf. 

'2.1 . F.  nuirfi('is.si>ju  Hi/  d<  r f/um'ttlu.sfr 

T)i«*  Vfi'iisiclil;issigimg  rl«*r  t^in*i vrrlustc  lu-ilfiitnt,  <1hB  das 
Diflfktriliiiiii  nls  vi*rlustlos  nngrnommi  n \\irdf  ho  daB 
tan  «>  (I  gilt.  Die  Diiflvtriiiisforniation  von  til.  (II)  bvi 
,i2  0 ist  dun-li  Amvendung  von  Korrespomlenzen  mis  [8] 

mdglifh.  Dainit.  orgibt  si<h  die  zugehorige  Zo itfunlction  zu 

*/.r ■(!,  0 =>  2A.’  oxp(-o,l)  !-<«*;,]  (,r>) 

, rf  (z)  stoll t die  (l.iull-^o  ^TrtT-rfrmb^ion  mil  don  Eigcn- 
soliaflen  erf  (0)  " uncllim  off  (z)  — 1 liar.  liild  5 z.oigt  don 

((imlilaHven  Vorbnif  vBjTT?Tr(T5)  mil  dom  Paramotor  Lri- 
t ungsliingp. 

2.2.  Yinuuhhlbsujuiuj  {hr  Lnntjsterludf. 

Iiir*  Vi* rnachliissiginig  dc*r  laingsvfi'Iuste  l»«*<U*utft,  diiB  cine 
iinondtifli  groBo  Lt  itfahigkf  it  dcs  Inm  n-  und  AuOcnlritvrs 
anganoninif n v\ ircl . Damit  vsrrdcn  0\  und  u2  zu  0.  Die  Riifk- 
transformation  von  <11.  (11)  bci  <i|  ^ ^ *^t  <lurch  An- 

Wf  lulling  «b*r  Korrosjionileiize n in  |8]  nifht  indglirh.  Xach  f 9] 
rrgibt  sirh  iiber  die  Fourier- Tran**  format  ion  die*  zu  01.  (11) 
g<* h dn  nde  /cil function  bti  Beafhtung  des  (ile iehanteils  zu 

»qi(U)  =2E(i+  ' a rota  n <l«) 

ibid  (I  r.oigt  don  rpiulitatii  on  Vrrlauf  (I.  0-  C!1.  (1<»)  I vBt 
Milt  toohnisoh  niobt  naolipriifon,  da  sl/'ts  boido  Arton  von 
Vorluston  gloioh/.oitig  auflroton.  Durch  oino  Cltcrlogung 
kann  man  jcdoch  dio  Hichtigkeit  von  (II.  (10)  ijualilAliv 
n.iohweison.  Das  Ausg.ingssignal  springt  tr.ur  Zoii  ( - r,  ivuf 
ib  ii  Wert  K und  nilhorl  sich  dann  naili  cincr  arctan-Fiink- 
tion  dem  Wert  2 K.  lJoi  Vcrnachlassigung  dcr  1 Jingsvorluslo 
Mini  dor  Langswidcrstand  7*  zu  0,  und  dcr  l.oitMvrt  (i  liogt 
parallel  *n  C . Da  sich  dio  Boreohnungoli  auf  oino  onorgio- 
toso  I/iitung  hczlohcn.  sind  alio  Ksparitftton  (•  dr  vor  Horn 
Einsihalton  lingoladon.  Emr  ungoladono  K -pazitat  stollt  im 
Einsohaltrnomont  oinon  KurzsohluB  dnr.  Du  dor  1.- it  Mori  (• 


. i 


\ * Ml".*  II  1 


Zum  dynamischen  Verhalten  homogener,  verlustloser,  elelctro- 
magnetisch  gekoppelter  Lcitungen  bei  nichtlinearen  Abschlussen 

E.  Drechsler,  KDT,  Dresden 

Mittoilung  h iin  dem  VEB  Koru burnt  Robot  ron,  Dresden 


IV'Vnjtloi'  ii  Driihlr,  I citungrn,  j^ubd  mid  Znbfliorj  dy/ift- 
miM hr*  Wrhalteii:  grkopp;*lte  lcitungen,  homogen,  ver* 
lustlos;  nirliT |jiti*<in*r  VhsrhhiB;  Berrchming  dt-r  Spannungon 


D/1S  dvuaini--<  li  • Vt  ihall  n grkopp  Itrr  1-  it iingm  inter- 
« s.sirrt  auf  \i»lrn  Grhietrn  tier  Elektrotwhnik.  Brsondi-rs 
in  schiifllen  I'lektroniscben  Roehnern  muB  man  es  fiir  tlie 
theor»»tisi  he  KLrung  cirktrist  her  Probfeme  kennen.  Hier 
<ind  jedm  h da  \bs«  hlus>e  m -ist  nieht  linear.  Der  vorliegende 
B drag  b<"»)ia)tigt  -it  )i  d >halb  mit  t inem  Verfahren,  das 
die  R Ti'i'hiiiing  der  Sp.mmingen  von  2 gekopp.dten  L?i- 
tung*n  m Ablningigkeit  v«n  Ort  und  Zeit  aurh  bei  nicht- 
lineaien  Abs«  hlijsHrn  Lr>statt -t. 

1.  I.dtungksistfm,  Absi  hliisse 

Rild  2 /.  *igf  die  <i ‘sain fa riordn ling  aus  2 elekf  romagnctibch 
g.kopp  Iteii,  lioinugenen,  verlustlosen  Le  it  ungen  und  Ab- 
sehluHsen,  die  algebraistbe  Strom-Spannungs-Bezielningeii 
(linear  od»*r  ni«  htlimar,  obmisch)  baben  sollen,  sowie  die 
Ei sat zs«  halt  ung  des  difTeientiellen  Elements  des  L 'itungs- 
systems.  Fur  die  lolg  nd*-n  Ret racht ungen  ist  es  sinnvoll, 
variable  hfik'bundige  Indizes  mit  fester  Reihenfolge  A HE 
••inzufuhren.  A ist  dabei  der  Index  der  Eeitung.  Xaeh  Rild  1 
hat  die  obere  Jvitung  den  Index  I.  die  untere  den  Index  2. 
Kails  A 1.2  ist,  soil  .1  2,  1 stun.  B ist  der  Index  des  Ab- 

sehlusses.  B*i  Welleii  gibt  er  den  Ort  des  Entstehens  an. 


t**>rt»Miuutf  \on  >*  it*-  -4 

Ihihnmefx-hen  Integrals  gv'diicht  fiber  die  Snmnirnflnryt el- 
lung.  Fur  das  Kabel  50*2-1  wertlen  bererhnete  Kurvenver- 
laufe  angegebeii. 

Kiiiir*  Miami  .on  ill  S^ptembM  1975  N»A  7231 

I. iterator 

III  II  \S  irt»rMr*.iitr  uiul  H*hirntunn  In  Jef  Vu*brJ«  hlrntecTmlk. 

Itr  rim.  «m, Mmjf.  ii  )l»-i«l<-|l^rir . ^pr  inner  \ crlxtf  1959. 

121  > •##.  on  y-  A TIiMirtli^-he  I'.lrkffofecliifik,  fieri  in  t KB  Druta-lirr  Ver* 
lag  «t*r  \l  hafVrn  196* 

• :»|  Zmkt  o • \VittrMtin*l»,  komDiisatorrn.  spulen  und  Hire  \Vrrk*toffe. 

Berlin.  Hritlellterr.  \>%  York  Spnuger- V* -rl»g  1965. 

141  Wifinffo*  II  /.  The  transient  rrspou-f  of  strip  line.  ThctU  Waiter  of 
h<  tear*  (1959)  t nlv*  r»it>  of  Marjlurul. 

|5)  Rr>u»t'  II  Dlutciftion  *>f  fio  pulsrs  in  coaxial  rubles , numer<c«]  analyai$ 
•n*!  application*  t’KWX  65  10,  MS*-  Division,  3 May  1965. 

mi  - Information  '!•**  koinhinat*  YEB  ICahefwerk  <lfter*pree  (K  WO), 
Kabt  Werk  Yu*  ha  v.»m  4 * 1969  »n  die  TM  Karl-Marx-Stadt,  Bektlon 
Aatoinatisierunf^teehnlk. 

*7/  >,  KunstsfoWe  in  *ler  Kabettethnik  NTZ  (1967)  M.  1,  B 36 

bis  43 

{•|IT#ffiss.  A II*  . und  Thoi-n  I ■ Operatorenrn  huung  und  TapUresclie 
Trio-foriuMioit  :*  \ufl  Lei  prig  J A Barth-Yerlag  1962 
,il  t/befhH<*i*rF  Taltellen  rur  Pourier-Tran«f*irination.  Berlin,  fldftin 
lit  ide|l.t  rtf  '*pnntfrf*3>f1atf  1957. 


XhcIi  Rild  1 hat  derfinke  Ahoehlufi  (a*  0)  den  Index  2.  der 

rechte  (x  /)  den  Index  2.  Falls  B - 1,  2 ist,  soil  B - 2,  1 
sein.  E ist  der  Index  der  Zeit.  Kr  gilit  die  Zeit  des  Entstehens 
von  Wellen,  noriniert  auf  die  Lnufzeit,  fiir  die  iJinge  l an: 
£ «0,  1,2.3 oo. 

2.  Differentialglcirbungssi  stem 

Aus  Bild  1 folgt  das  System  partieller  Diffen  itialgleichun* 
g**n  in  Operaforform: 

— Hi  - -F  *LX  ij  -F  sM  it 

- Uz'  -F  S M »,  -F  «/y2  t8 

- ij'  - F B,  si)  ut 

in  ~ |,<C2«2  i 1) 

Auf  Grund  des  Zusatnmenhangs  xwisehen  elektrisehcm  und 
magnetiecherii  Feld  gelten  bei  homogenem  Uielektrikum  die 
folgenden  Gleiehungen  als  Zusatzbedingimg  7.u  Gl.(l) 
(z.B.  [31): 

D M 

Ct  Lx 

(2, 

C\  1^  ’ 

3.  Allgrmeine  L5«ung 

Die  allgemeine  Losung  des  DGL-SyateniR  (l)  niit  der  Zusatz- 
bedingung  naeh  Gl.  (2)  kann  nun  nach  bekannten  Methoden 
borechnet  werden  (z.R.  (I]  [2J): 
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I)iu  tiroQen  vtl,  vl2,  i22  sind  dabei  Konstaliten  hezug- 
lich  x,  Mount  aber  in  der  altgeineinen  laisimg  frei  wahlbar. 
Erst  dureh  die  Zusammenachaltung  de«  Leitungasyslems  nut 
den  Abschlussen  werden  sie  best immt . Pie  allgemeine  L6- 
sung  wird  dann  tur  partikularen  Ixisung. 

Aus  der  allgemrinen  laisung  nach  Gl.  (3)  mit  Gl.  (4)  gehen 
fulgende  GesetzmaBigheiteli  hen  or : 

1 sings  der  Lcitungen  findet  Wellenansbreitung  statt.  Pie 
Glieder  mit  e ,r*  atellen  die  Gesamtheit  der  Wellen  dar, 
die  in  ir-Richtung  laufen,  die  Glieder  mit  e*‘Tl  die  <«e- 
samtheit  der  Wellen,  die  entgegen  der  x Riohtung  laufen. 

- Pie  Ausbreitungsgesehw indigkeit  alter  Wellen  ist  1/9™. 

— Pie  Wellen  werden  Dings  der  Lcitungen  nieht  veriindert. 
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